INTRODUCTION
S everal features of the implant surface such as composition, topography, roughness, and energy play a relevant role in implant integration with bone. Little is known about the structural and chemical surface properties that may influence biological responses. 1 Surface roughness has been demonstrated to have positive effects on adsorption of molecules, local factor production, and proliferation and differentiation of cells. 13, 14, 22 The optimal value for the implant surface roughness is still to be deter-mined, but it has been suggested that irregularities in the 1.5 m range probably result in a higher bone implant contact percentage. 4 Titanium has been widely used in the biomedical field, but the factors and mechanisms underlying the biological response to titanium are not yet well understood, 1 and it is necessary to look for correlations between surface characteristics and response of biologic tissues at different levels of resolution and sophistication. 1 DNA microarray is a molecular technology that enables the analysis of gene expression in parallel with a very large number of genes, spanning a significant fraction of the human genome. It is a qualitative analysis (eg, it can differentiate each single gene) as well as quantitative, since it has the sensitivity to detect a change of expression level in the investigated cells when compared with normal samples. Technically, reference RNA (eg, cells cultured on machined titanium) and investigated RNA (eg, cells cultured on a specific titanium surface) are labeled after reverse transcription with different fluorescent dyes (Cy3 for the reference cells and Cy5 for the investigated cells) and hybridized to a cDNA microarray containing robotically printed cDNA fragments. The slides are then scanned with a laser scanning system, and 2 false color images are generated for each hybridization with RNA from the investigated and reference cells. Genes up-regulated in the investigated cells are conventionally designated red, whereas those with decreased expression appear green, since more are expressed in the normal sample. Genes with similar levels of expression in the 2 samples appear yellow. The overall result is the generation of a so-called genetic portrait. 23, 24 In the present study we defined the effects of a new implant surface on genes by using an osteoblast-like cell line (MG63) and microarray slides containing 19 200 different oligonucleotides.
MATERIALS AND METHODS

Cell culture
Osteoblast-like cells (MG63) were cultured in sterile Falcon wells (Becton Dickinson, NJ) containing Eagle's minimum essential medium (MEM) supplemented with 10% fetal calf serum (FCS; Sigma Chemical Co, St Louis, Mo) and antibiotics (Penicillin 100 U/ mL and Streptomycin 100 g/mL; Sigma). Cultures were maintained in a 5% CO 2 humidified atmosphere at 37ЊC. MG63 cells were collected and seeded at a density of 1 ϫ 10 5 cells/ mL into 9 cm 2 (3 mL) wells by using 0.1% trypsin, 0.02% EDTA in Caϩϩ, and Mg-free Eagle's buffer for cell release. One set of wells contained sterile metal disks of machined grade 3 titanium (diameter 3 cm, control implants), whereas another contained titanium implants with a new surface (titanium pull spray superficial [TPSS] surface; Oralplant, Cordenons, PN, Italy) covering the same area (35 cm 2 ). This new surface was produced through micromechanical removal of parts of the superficial oxide layer with the use of aluminum oxide 0.5 m/micropoints. The Ra value was 0.30 for the machined surface and 2.74 for the TPSS surface. After 24 hours, the medium (3 mL of MEM with 10% FCS) was changed. Finally, after 24 hours the cultures reached subconfluence and the cells were processed for RNA extraction.
DNA microarrays screening and analysis
RNA was extracted from the cells by using RNAzol. peated twice and the dyes switched. A GenePix 4000a DNA microarrays scanner (Axon, Union City, Calif) was used to scan the slides, and data were extracted with GenePix Pro. After removing local background, genes with expression levels of less than 1000 were not included in the analysis, since ratios are not reliable at that detection level. 23, 24 
RESULTS
DNA microarrays
After scanning the 2 slides containing the 19 200 human genes in duplicate, local background was calculated for each target location. A normalization factor was estimated from ratios of median. Normalization was performed by adding the log 2 of the normalization factor to the log 2 of the ratio of medians. The log 2 ratios for all the targets on the array were then calibrated using the normalization factor, and log 2 ratios outside the 99.7% confidence interval (the median Ϯ3 times the SD ϭ 0.52) were determined as significantly changed in the treated cells. Thus genes are significantly modulated in expression when the absolute value of their log 2 expression level is higher than 1.56, or else there is a threefold difference in expression between treated cells and the reference. GenePix Pro software was used to report genes above the threshold and with less than 10% difference in 3 different statistical evaluations of the intensity ratio, thus effectively enabling an automated quality control check of the hybridized spots. Furthermore, all of the positively passed spots were finally visually inspected. Generally, no further exclusion was needed at this final step, since the previously applied automated selection filters were highly stringent. 23, 24 The significance analysis of microarray (SAM) program was then performed, and a SAM score was obtained (t-statistic value). The down-regulated genes differentially expressed in the machined and the TPSS implant sur- 
DISCUSSION
Hybridization of mRNA-derived probes to cDNA microarrays allows us to perform systemic analysis of expression profiles for thousands of genes simultaneously and to provide primary information on transcriptional changes related to an implant surface (TPSS surface; Oralplant). We identified several genes whose expression was definitely down-regulated (Table 1) .
Transduction
The insulin-like growth factor 1 receptor (IGF1R) binds insulin-like growth factor with a high affinity. It has tyrosine kinase activity and plays a critical role in transformation events. Cleavage of the precursor generates ␣ and ␤ subunits. It is highly overexpressed in most malignant tissues, where it functions as an antiapoptotic agent by enhancing cell survival. It is down-regulated by this implant surface. 25 Also, the connective tissue growth factor (CTGF) is down-regulated by the TPSS surface. CTGF binds IGF and may have a role in regulating normal and neoplastic cell growth. 26 Janus kinase 1 (JAK1), is a member of a new class of protein-tyrosine kinases (PTK), is characterized by the presence of a second phosphotransferase-related domain immediately N-terminal to the PTK domain. The second phosphotransferase domain bears all the hallmarks of a protein kinase, although its structure differs significantly from that of the PTK and threonine/ FIGURE. Result of 1 of the 2 slides containing 19.200 genes: 23 different genes are significantly down-regulated (in the lower left square). The y-axis displays the observed cases, whereas the x-axis depicts the expected. The graphic has a log 2 scale. A normalization factor was estimated from ratios of median. Normalization was performed by adding the log 2 of the normalization factor to the log 2 of the ratio of medians. The log 2 ratios for all the targets on the array were then calibrated using the normalization factor, and log 2 ratios outside the 99.7% confidence interval (the median Ϯ3 times the SD ϭ 0.52) were determined as significantly changed. serine kinase family members. JAK1 is a large, widely expressed membraneassociated phosphoprotein. JAK1 is involved in the interferon-␣, -␤, and -␥ signal transduction pathways. The reciprocal interdependence between JAK1 and TYK2 activities in the interferon-␣ pathway, and between JAK1 and JAK2 in the interferon-␥ pathway, may reflect a requirement for these kinases in the correct assembly of interferon receptor complexes. These kinases couple cytokine ligand binding to tyrosine phosphorylation of various known signaling proteins and of a unique family of transcription factors, which are termed the signal transducers and activators of transcription, or STATs. 27
Translation
Signal-mediated nuclear import and export proceeds through the nuclear pore complex, which is comprised of approximately 50 unique proteins collectively known as nucleoporins. The 98 kD nucleoporin (NUP98) functions as 1 of several docking site nucleopor-ins of transport substrates and is down-regulated by the new implant surface. 28
Cell cycle
Inosine-5Ј-monophosphate dehydrogenase (IMPDH1) catalyzes the formation of xanthine monophosphate (XMP) from IMP. In the purine de novo synthetic pathway, IMP dehydrogenase is positioned at the branch point in the synthesis of adenine and guanine nucleotides and is thus the rate-limiting enzyme in the de novo synthesis of guanine nucleotides. Inhibition of cellular IMP dehydrogenase activity results in an abrupt cessation of DNA synthesis and a cell cycle block at the G1-S interface. 29
Enzyme and cytoskeleton
Phosphatidylcholine (PC)-specific phospholipases D (PLDs) catalyze the hydrolysis of PC to produce phosphatidic acid and choline. A range of agonists acting through G protein-coupled receptors and receptor tyrosine kinases stimulate this hydrolysis. PC-specific PLD activity has been implicated in numerous cellular pathways, including signal transduction, membrane trafficking, and the regulation of mitosis. Hammond et al 30 showed that recombinant PLD1 activity is located both in the cytoplasm and in association with the membrane; they suggested that PLD1 can exist as a stable soluble protein and that controlled interaction with substrate-containing phospholipid surfaces may be a physiologically important mode of regulation. The same authors found that ADP-ribosylation factor-1 (ARF1) activates PLD1, suggesting that PLD1 is involved in intravesicular membrane trafficking.
The A-kinase anchor proteins (AKAPs) are a group of structurally diverse proteins, which have the common function of binding to the regulatory subunit of protein kinase A (PKA) and confining the holoenzyme to discrete locations within the cell. AKAP6 encodes a member of the AKAP family. The encoded protein is highly expressed in various brain regions and cardiac and skeletal muscle. It is specifically localized to the sarcoplasmic reticulum and nuclear membrane and is involved in anchoring PKA to the nuclear membrane or sarcoplasmic reticulum. 31
Apoptosis
MAPK9 is a member of the mitogenactivated protein (MAP) kinase family. MAP kinases act as an integration point for multiple biochemical signals and are involved in a wide variety of cellular processes such as proliferation, differentiation, transcription regulation, and development. This kinase targets specific transcription factors, and thus mediates immediate-early gene expression in response to various cell stimuli. It is most closely related to MAPK8, both of which are involved in ultraviolet (UV) radiation-induced apoptosis, which is thought to be related to the cytochrome c-mediated cell death pathway. This gene and MAPK8 are also known as c-Jun N-terminal kinases. This kinase blocks the ubiquitin-ation of tumor suppressor p53, and thus it increases the stability of p53 in nonstressed cells. 32 The genes discussed are only a limited number among those differentially expressed and reported in Table 1 . We briefly analyzed some of those with a better-known function. There are also a number of expressed sequence tags (EST) whose function is unknown (Table 2). However, the recognition of altered expression of specific EST can help give it a role.
In conclusion, we have shown that the new implant surface is able to modulate the expression of some genes that cover a broad range of functional activities: (1) signaling transduction, (2) translation, (3) cell cycle regulation, (4) enzyme and cytoskeleton development, and (5) apoptosis.
Recent studies on animal models have demonstrated that titanium surfaces are of paramount importance in influencing the timing of bone healing, and rougher surfaces have been demonstrated to present a higher quantity of bone-implant contact percentage and higher removal torque values. 6, 7, 10, 11, 22 The surface roughness has been demonstrated to alter the responsiveness of different types of cells. 8, 13, 14 However, because the in vitro system differs from the in vivo system, more investigations are needed. Indeed, MG63 are osteoblast-like cells and not normal osteoblast, and a monolayer cell stratum differs significantly from bone tissue, where osteoblasts are resident in a bone matrix. Moreover, some differences between the genetic portrait reported and genes described by different authors may be related to the chosen time point of the experiment. We chose to perform the experiment after 24 hours of stimulation in order to get information on the early stages of stimulation. It is our belief, however, that more investigations with different osteoblast-like cell lines, primary cultures, and time points are needed in order to get a better comprehension of the molecular events related to the interaction between the surface and the osseointegration process. Final-ly, we believe that the reported data can be a model to compare different implant surfaces.
